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Rotenone is an odorless, colorless, crystalline isoflavone 
used as a broad-spectrum insecticide, piscicide, and 
pesticide. It occurs naturally in the seeds and stems of 
several plants, such as the jicama vine plant, and the roots of 
several members of Fabaceae. It was the first described 
member of the family of chemical compounds known as 
rotenoids. 
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Discovery 

The earliest record of the now-known rotenone-containing 
plants used for killing leaf-eating caterpillars was in 1848, 
and for centuries, the same plants were used to poison fish.^^^ 
The active chemical component was first isolated in 1895 by 
a French botanist, Emmanuel Geoffroy, who called it 
nicouline, from a specimen of Robinia nicou, now called 

Lonchocarpus nicou, while traveling in French Guiana. He 
wrote about this research in his thesis, published 
posthumously in 1895 after his death from a parasitic 

disease.In 1902 Japanese chemist Nagai Nagayoshi 
isolated a pure crystalline compound from Derris elliptica 
which he called rotenone, after the Japanese name of the 
plant, roten. By 1930, nicouline and rotenone were 

established to be chemically the same.^^^ 

Uses 

Rotenone is used as a pesticide, insecticide, and as a 
nonselective piscicide (fish killer). 

It is commercialized as cube, tuba, or derris, in single 
preparation or in synergistic combination with other 

insecticides.In the United States and Canada, all uses of 
rotenone except as a piscicide are being phased out.^^^^^^^ 

Rotenone has historically been used by indigenous peoples 
to catch fish. Typically, rotenone-containing plants in the 
Fabaceae family of legumes are crushed and introduced into 
a body of water, and as rotenone interferes with cellular 
respiration, the affected fish rise to the surface in an attempt 
to gulp air, where they are more easily caught. 

Rotenone has been used by government agencies to kill fish 
in rivers and lakes in the United States since 1952.^^^^ 
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Names 

lUPAC name 


{2R, 6aS, 12a5}-1,2,6,6a, 12,12a-hexahydro-2- 
isopropenyl-8,9-dimethoxychromeno[3,4-Z)]furo 
(2,3 -h)chromen-6-one 

Other names 


Tubatoxin, Paraderil 

Identifiers 

CAS Number 

83-79-4 (http://www.eommonehemistry.org/ChemiealDetail.aspx7reU83-79-4) 

3D model (Jmol) 

Interaetive image (http://ehemapps.stolafedu/jmol/jmol.php?model=CC%28% 

3DC%29%5BC%40H%5D 1 CC2%3DC%2801 %29C%3DCC3%3DC20%5BC% 

40%40H%5D4COC5%3DCC%28%3DC%28C%3DC5%5BC%40%40H% 

5D4C3%3D0%290C%290C) 

ChEBI 

CHEBI:28201 (https://www.ebi.ae.uk/ehebi/searehld.do?ehebild^28201)^ 

ChEMBL 

ChEMBL429023 


(https://www.ebi.ae.uk/ehembldb/index.php/eompound/inspeet/ChEMBL429023) ^ 

ChemSpider 

6500 (http://www.ehemspider.eom/Chemieal-Strueture.6500.html) ^ 

ECHA InfoCard 

100.001.365 (https://eeha.europa.eu/substanee- 
information/-/substaneeinfo/100.001.365) 

KEGG 

C07593 (http://www.kegg.jp/entry/C07593) ^ 

MeSH 

Rotenone (https://www.nlm.nih.gov/egi/mesh/2014/MB_egi? 
mode^&term^Rotenone) 

PubChem 

6758 (https://pubehem.nebi.nlm.nih.gov/eompound/6758) 

UNII 

03L9OT429T (http://fdasis.nlm.nih.gOv/srs/srsdireet.jsp?regno=03L9OT429T) ^ 

InChl 

SMILES 

Properties 

Chemieal formula 

C23H22O6 

Molar mass 

394.42 g-moL^ 

Appearanee 

Colorless to red erystalline solid^^^ 

Odor 

odorless^^^ 

Density 

1.27 g/em^@20 °C 

Melting point 

165 to 166 °C (329 to 331 °F; 438 to 439 K) 

Boiling point 

210 to 220 °C (410 to 428 °F; 483 to 493 K) at 0.5 mmHg 

Solubility 

Soluble in ether and aeetone, slightly soluble in ethanol 

Vapor pressure 

<0.00004 mmHg (20°C)[^^ 
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Small-scale sampling with rotenone is used by fish 
researehers studying the biodiversity of marine fishes to 
eolleet eryptie, or hidden, fishes, whieh represent an 
important eomponent of shoreline fish eommunities. 

Rotenone is the most effeetive tool available beeause only 
small quantities are neeessary. It has only minor and 

transient environmental side effeetsJ^^^ 

Rotenone is also used in powdered form to treat seabies and 
head liee on humans, and parasitie mites on ehiekens, 
livestoek, and pet animals. 

Rotenone has been used as an organie^^^^ pestieide dust for 
gardens. Unseleetive in aetion, it kills potato beetles, 
eueumber beetles, flea beetles, eabbage worms, raspberry 
beetles, and asparagus beetles, as well as most other 
arthropods. It rapidly biodegrades under warm eonditions, 
so harmful residues are minimal. A light dusting on the 
leaves of plants will eontrol inseets for several days. 

Mechanism of action 

Rotenone works by interfering with the eleetron transport ehain in mitoehondria. It inhibits the transfer of eleetrons from iron-sulfur eenters in eomplex I 

to ubiquinone. This interferes with NADH during the ereation of usable eellular energy (ATP).^^^ Complex I is unable to pass off its eleetron to CoQ, 
ereating a baek-up of eleetrons within the mitoehondrial matrix. Cellular oxygen is redueed to the radieal, ereating a reaetive oxygen speeies, whieh ean 

damage DNA and other eomponents of the mitoehondria. 

Presence in plants 

Rotenone is produeed by extraetion from the roots and stems of several tropieal and subtropieal plant speeies, espeeially those belonging to the genera 
Lonchocarpus and Derris. 

Some of the plants eontaining rotenone: 

■ Hoary pea or goat’s rue (Tephrosia virginiana) - North Ameriea 

■ Jieama (Pachyrhizus erosus) - North Ameriea 

■ Cube plant or laneepod {Lonchocarpus utilis) - South Ameriea^^^^ 

■ The root extraet is referred to as eube resin 

■ Barbaseo {Lonchocarpus urucu) - South Ameriea^^^^ 

■ The root extraet is referred to as eube resin 

■ Tuba plant {Derris elliptica) - southeast Asia and southwest Paeifie islands 

■ The root extraet is referred to as derris or derris root 

■ Jewel vine {Derris involuta) - southeast Asia and southwest Paeifie islands 

■ The root extraet is referred to as derris or derris root 

■ Common Mullein {Verbascum thapsus) aeeording to Peterson Field Guides Eastern/ Central Medieinal Plants 

■ Cork-bush {Mundulea sericea) - southern Afriea^^^^ 

■ Florida fishpoison tree {Piscidia piscipuld) - southern Florida, Caribbean^^^^ 

■ Several speeies of Millettia and Tephrosia in South-east Asian regions^^^^ 

Toxicity 

Rotenone is classified by the World Health Organization as moderately hazardousJ’^' It is mildly toxic to humans and other mammals, but extremely 
toxie to inseets and aquatie life, ineluding fish. This higher toxieity in fish and inseets is beeause the lipophilie rotenone is easily taken up through the 

gills or traehea, but not as easily through the skin or the gastrointestinal traet. Rotenone is toxie to erythroeytes in vitro 

The lowest lethal dose for a ehild is 143 mg/kg. Human deaths from rotenone poisoning are rare beeause its irritating aetion eauses vomiting. 

Deliberate ingestion of rotenone ean be fatal. 

The eompound deeomposes when exposed to sunlight and usually has an aetivity of six days in the environment. It oxidizes to rotenolone, whieh is 
about an order of magnitude less toxie than rotenone. In water, the rate of deeomposition depends upon several faetors, ineluding temperature, pH, water 

hardness and sunlight. The half-life in natural waters ranges from half a day at 24 °C to 3.5 days at 0 

Parkinson’s disease 


Hazards 

Lethal dose or concentration {LD, LC): 

LDso (median 

60 mg/kg (oral, rat) 

dose) 

132 mg/kg (oral, rat) 

25 mg/kg (oral, rat) 

2.8 mg/kg (oral, mouse)'^^^ 

US health exposure limits (NIOSH): 

PEL 

(Permissible) 

TWA 5 mg/m^[^] 

REL 

(Recommended) 

TWA 5 mg/rrT^^^ 

IDLH 

(Immediate 

danger) 

2500 mg/m^[^] 

Except where otherwise noted, data are given for materials in their standard state (at 25 °C [77 °F], 

100 kPa). 

Jf verify (what is ?) 
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In 2000, injecting rotenone into rats was reported to cause the development of symptoms similar to those of Parkinson's disease (PD). Rotenone was 

continuously applied over a period of five weeks, mixed with DMSO and PEG to enhance tissue penetration, and injected into the jugular vein.^^^^ The 
study does not directly suggest rotenone exposure is responsible for PD in humans, but is consistent with the belief that chronic exposure to 

environmental toxins increases the likelihood of the disease. 

In addition, studies with primary cultures of rat neurons and microglia have shown low doses of rotenone (below 10 nM) induce oxidative damage and 
death of dopaminergic neurons,^^^^ and it is these neurons in the substantia nigra that die in Parkinson's disease. Another study has also described toxic 
action of rotenone at low concentrations (5 nM) in dopaminergic neurons from acute rat brain slices. This toxicity was exacerbated by an additional 
cell stressor - elevated intracellular calcium concentration - adding support to the 'multiple hit hypothesis' of dopaminergic neuron death. 

The neurotoxin MPTP had been known earlier to cause PD-like symptoms (in humans and other primates, though not in rats) by interfering with complex 
I in the electron transport chain and killing dopaminergic neurons in the substantia nigra. However, further studies involving MPTP have failed to show 
development of Lewy bodies, a key component to PD pathology. Therefore, the mechanism behind MPTP as it relates to Parkinson's disease is not fully 

understood. Because of these developments, rotenone was investigated as a possible Parkinson-causing agent. Both MPTP and rotenone are lipophilic 
and can cross the blood-brain barrier. 

In 2010, a study was published detailing the progression of Parkinson's-like symptoms in mice following chronic intragastric ingestion of low doses of 
rotenone. The concentrations in the central nervous system were below detectable limits, yet still induced PD pathology. 

In 2011, a US National Institutes of Health study showed a link between rotenone use and Parkinson's disease in farm workers. 

Notable administrations 

Rotenone was implemented in 2010 to kill an invasive goldfish population present in Mann Lake, with the intention of not disrupting the lake's trout 
population. Rotenone successfully achieved these aims, killing nearly 200,000 goldfish, and only three trout. 

Beginning May 1, 2006, Panguitch Lake was treated with rotenone, to potentially eradicate and control the invasive population of Utah chub, which were 
probably introduced accidentally by anglers who used them as live bait. The lake was restocked with 20,000 rainbow trout in 2006; as of 2016, the lake's 
fish population has recovered. 

In 2014, Rotenone was used to kill all remaining fish in San Francisco's Mountain Lake, which is located in Mountain Lake Park in order to rid it of 
invasive species introduced since the migration of European settlers to the region. 

Deactivation 

Rotenone can be deactivated in water with the use of Potassium Permanganate to lower toxicity back down to acceptable levels. 

See also 

■ Fenpropathrin 

■ NADH dehydrogenase 
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